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(54) Defective nozzle compensation 

(57) An image recording apparatus (2000) is dis- 
closed, which cornprises forming elements (2002) for 
forming an image, a memory (2006) indicating relative 
desirability of utilising the forming elements (2002) for 
forming the image, and processing means (2008) for 



computing image recording signals using input image 
signals (2012) and the stored data. The use of a partic- 
ular forming element Is thereby biased dependent upon 
the relative desirability data of other forming elements, 
the corresponding input signal for the particular forming 
element, and a term for the particular forming element. 
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Description 



Copyright Notice 



[0001 ] This patent specification contains material that is subject to copyright protection. The copyright owner has no 
objection to the reproduction of this patent specification or related materials from associated patent office files for the 
purposes of review, but otherwise reserves all copyright whatsoever. 

Technical Field of the Invention 

[0002] The present invention relates generally to printers, and in particular to ink jet printers. 
Background Art 

[0003] Digital image printing systems which use multiple ink nozzles integrated within a print head have increased 
rapid* in popularity iarecent years. Either at manufacture, or during operation, the particular printing nozzles within a 
pnnt head can fail to deliver ink droplets of the required size, or altemative!y, with the required positional accuracy 
These problems can anse from a combination of manufacturing flaws, and wear and tear. In extreme cases, individual 
nozzles can fail to deliver any ink whatsoever, due to being blocked or damaged 

[0004] Defective nozzles, be they blocked or merely defective in terms of their performance,^ be identified man- 
ually or automatically by examining test print output. 

[0005] Even where nozzles delivery ink droplets satisfactorily, the nozzles can vary in their characteristics and pro- 
duce uneven pnnt densities. US Patent 5,038,208 entitled "Image Forming Apparatus with a Function for Correcting 
Recording Density Unevenness" describes a method and apparatus related to improving the evenness of print density 
- ^° e ? y I 10 6 ! ° V8,yin ? cnaracteristics - The P«ent discloses a printer having a multi-nozzle printing head, this 
pnnter also stonng data associated with the image-forming characteristics of each of the multi-nozzle heads Further- 
a .T eCt0r I m ! an ! f °u "^"S the ^age forming signals based upon the data stored in memory corresponding 
to the multi-nozzle head charactenstics is disclosed. The aforementioned correction is performed either by retrieving 
a corrected value from a memory, or by retrieving a correction value from a memory, and adding the correction value 
to he uncorrected image value. In both cases, the image correction data is accessed using both the uncorrected image 
value, and a nozzle counter value. This type of correction is known as -head shading". Head shading methods do not 
however sabsactonlyenmmateprintartefactswhereablockednozzleis present, or where the ink ejection performance 
of a nozzle fails to meet minimum requirements. 

Disclosure of the Invention 

[0006] It is an object of the present invention to substantially overcome, or at least ameliorate, one or more disad- 
vantages of existing arrangements. 

[0007] According to a first aspect of the invention there is disclosed an image recording apparatus comprising: 

(a) a plurality of forming elements for forming an image using image recording signals, said image according with 
a corresponding plurality of input image forming signals; y "-° min 9 wlln 

(b) memory means for storing data for said forming elements indicating the relative desirability of utilising said 
forming elements for forming the image; and 

1 nH^TJ 5 ? 0 ? 81 "? meanS f0f com P utin 9 said ima 9 e recording signals using said input image forming signals 
h21 h t T 88 mem0ry meanSl Wh6rein the use of a Particular forming element is thereby biased 
tZTuTZ 9 ^ , f >Ve deS i rability data of other formina e'ements, the corresponding input image forming 
signal for the particular forming element, and a term for the particular forming element. 

[0008] According to another aspect of the invention, there is disclosed an image recording apparatus comprising: 
(a) a plurality of forming elements for forming an image according to input image forming signals- 

S^T-T* T? f °/ 6t< ? rin9 d3ta f ° r 10rming e ' ementS indicating tne relative desirability 'of utilising said 
forming elements for fomiing an image; 

(c) image signal modification means for redistributing values of said input image forming signals based on said 
data stored in sa.d memory means so as to bias the use of said forming elements, wherein the use of a particular 
one of said form.ng elements is thereby biased dependent upon the relative desirability data of other forming 
elements, a corresponding input image forming signal for the particular forming element, and a term for the par 
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ticular forming element. 

[0009] According to another aspect of the invention, there is provided a method, in printing an image, of compensating 
for one or more defective printer nozzles in a plurality of printer nozzles, said method comprising the steps of: 

biasing, for each first image value associated with a first nozzle, at least one second image value associated with 
another nozzle, said biasing being dependent upon said first image value and a term for said first nozzle; and 
printing the image in accordance with the biased image values, said biasing reducing print artefacts otherwise 
caused by the one or more defective nozzles. 

10 

[0010] According to another aspect of the invention, there is provided a method of printing a multi-level halftoned 
image comprising the steps of: 

adjusting a relationship between input image values and corresponding average halftone output values. 
[001 1] The biasing of other nozzles can be performed in various ways. This includes image value redistribution from 

is a defective nozzle to immediately neighbouring nozzles of a same colour. The redistribution can be either partial, being 
constrained by a normal operating range of the neighbouring nozzles, or complete, in the case where neighbouring 
nozzJes can support extended range, ie "super-intensity" printing. Alternatively, or in addition, cross colour compensa- 
tion can be perf ormed, whereby biasing is performed with respect to a corresponding nozzle of a different colour. The 
Increased range of super-intensity Image values can be compensated mapping, in par- 

20 ticular, based upon checkerboard quantisation. In the event that biased Images are subsequent halftoned; a transfer 
function between input image values and corresponding average halftone output values can be adjusted, in order to 
tune utilisation of super-intensity printing: 

[001 2] According to another aspect of the invention, there is provided an apparatus for implementing any one of the 
aforementioned methods. 

25 ' [001 3] According to another aspect of the invention there is provided a computer program product including a com- 
puter readable medium having recorded thereon a computer program for implementing any one of the methods de- 
scribed above. 

Brief Description of the Drawings 

30 

[0014] A number of preferred embodiments of the present invention will now be described with reference to the 
drawings, in which: 

Fig. 1 depicts a prior art halftoning arrangement; 
35 Fig. 2 illustrates a prior art unevenness correction, and halftoning arrangement; 

Fig. 3 shows the unevenness correction process in Fig. 2 in more detail; 

Fig. 4 depicts an arrangement for defective nozzle compensation in accordance with a preferred embodiment of 
the present invention; 

Fig. 5 shows a full-width fixed head printer whereupon the arrangement In Fig. 4 can be applied; 
40 Fig. 6 shows a shuttle-head printer, to which the arrangement in Fig. 4 can be applied; 

Fig. 7 Illustrates redistribution of Image values from a defective nozzle to neighbouring non-defective nozzles in a 
first embodiment of the Invention; 

Fig. 8 shows a process for redistribution of image values in accordance with the arrangement illustrated in Fig. 7; 
Fig. 9 illustrates a pattern of printed dots in a single colour which is output by the arrangement In accordance with 
<s Fig. 7; 

Fig. 10 shows defective nozzle compensation using cross-colour compensation according to a first embodiment 
of the present invention; 

Fig. 11 provides an example of printable dots-per-nozzle for a pixel in accordance with a second embodiment of 
the present invention; 

so Fig. 12 illustrates "full" paper coverage by dots of a single colour both with and without defective nozzles being 

present; 

Fig. 13 shows the application of quantisation correction in a preferred embodiment of the present invention; 
Fig. 14 illustrates tuning a three level halftone error diffusion transfer function; 
Fig. 15 depicts a process for printing a halftoned image using a tuned error diffusion table; 
55 Fig. 1 6 depicts a prior art error diffusion arrangement; 

Fig. 17 shows an untuned 3 level halftone error diffusion table: 
Fig. 18 shows a tuned 3 level halftone error diffusion table; 

Fig. 1 9 depicts a general purpose computer upon which preferred embodiments of the invention can be practiced; 



3 



EP1 157 840 A2 

and 



n?Jff t?n PiCtS h K b, ° Ck d ' a9r ! m re P resentation of an apparatus for redistribution of image values from a defective 
nozzle to neighbouring non-defective nozzles 

Detailed Description including Best Mode 

[00161 Where reference Is made in any one or more of the accompanying drawings to steps and/or features which 
have the same reference numerals, those steps and/or features have for The purposes of this description 7e 22 
function(s) or operation(s), unless the contrary intention appears. escnpnon ™e same 

[001 6] The principles of the preferred methods described herein have general applicability to printing devices which 
have a multiplicity of priht-fcming means integrated into a single printing head: However, for ease of CaSoHS 

'TO k * rrangements ^ the present invention are applied to image printing systems, having recording heads each 
? an arra T °' recordi "9 ele ^s. and which uses data describingdefective record" gTeZts tn Jder to 
proy.de an improved printer output. For ease of illustration, the description is directed to multiple prinlhead S 
taring a n near arrav of ink jet n0Z2les however ^ ^ b P extended t0 ^gjj prin ing stjms 

Sle no^TeTt^f, 0 ' the jT afa,US ^ enca P sula '° d *• — c*- emLdiment^^^ 

?Z . fe US6d f ° r redUC,ng the USe of de,ectlve nozzles - and te ' correspondingly increasing use 

of non-defect,ve nozzles which print in the vicinity of the positions at which the defective noz&es 
effect of reducing pnnt artefacts caused by the defective nozzles. Where inter-nozzie spacing is suEnt^smaT ne 

ZZSP' P ? ? arG 6,ther manu,actured defective nozzles, or which develop defects nozzles 
over time, can continue to be used while producing good quality output. ozz,es 

n° ft °,l?ic appr0ach 1 ,0r P rovidi "9 cross-nozzle compensation is to reduce image values associated with defective 
nozzles, correspond.ngly increasing the image values associated with neighbouring, non-defective nozzles iXcan 

(eg see Rgs. 4 and 9). In colour printing, an additional approach for providing cross-nozzle compensation is avaHable 
Th,s ,s to compensate for a defective nozzle of a first colour component by increasing an image value aTsocS wih 
a corresponding nozzle of a second colour, ie one which prints at the same position as JSeSe toX 
described further with respect to the first embodiment (eg see Fig 9) Th.s is 

soTa't JZrnT^^r" 1, , '7 ,a9e va,ue distribution is performed in a manner which restricts the redistribution 
ZTtZTo^ZTT* S reCei r in9 n02Z,eS (ie ' the "^""curing nozzles), remain within their "normal" 
range The normal range of a pnnter nozzle is considered to be that range which, during normal operation suooorts 

embodiment 0 'JE"? Va ' UeS " ^ "°" " d " maXimUm *' ° r ^ «*""- te ™< 0 SSTin SSS 

general the complete .mage value assigned to a defective nozzle will not always be able to be completely redistributed 
t^ag^ 

[0021] In a second arrangement, image value redistribution Is performed in a manner which allows the receivino 

is S^Svtndl TT H ran9e ' inCreaS6d - (" su P arin ^') ejection per colour SmTonent^S 

is pemutted, beyond that which .s required to provide normal full ink coverage of the paper. The second embodiment 
?™J? C ° SeS 8 meth0d ° f ,unln9 how often 106 *"P*rintensity ink ejection is provided embod.ment 
[0022] In an mk-jet printer, image data Is typically converted to nozzle firing control data. The image data is tvoicallv 

7S^°££~ which must 06 converted int0 noz2,e ,irin9 date in order to control the 2 So d :f tn s e Ses 

[0023] The nozzle firing data for a multi-tone colour image can be considered as a colour image with a reduced 

; a rr P e:^ 

!o™h IZTZ? e 1 Xplanatlon ' a rec ^"9Ular array of pixels is assumed, with each pixel having an intensity value 

£°te^ul££aL^ P ° nen 1 ° Va ?' Ma96nta ' Ye " 0W and Black - E 9uivalentiy. the multi-tone colouMmage 
can be considered as a set of four rectangular arrays of intensity values, one array per colour each arrav havino the 
same physical dimensions. Intensity values are represented as 8-bit numbers, havfnj a value of 0 oIm 

"s^ 
Ses^nTa^eS 

[0026] Again for ease of explanation, for each colour component, the dimensions of the nozzle firing array are as- 
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sumed to be the same as the dimensions of the corresponding array of mutti-tone image intensity values. Accordingly, 
it is assumed that there is a one-to-one correspondence between multi-tone image pixels, and positions in a nozzle 
firing array, so that the description is not burdened by spatial resolution conversion issues. In the event that nozzle 
separation in a print head is different to the input image pixel spacing, image values for nozzles can typically be derived 
5 from pixel image values by interpolation, or by resolution conversion algorithms. After such conversion, defective nozzle 
compensation can then be applied to the nozzle image values. 

[0027] Typically, for each colour component, there is one nozzle firing position for each position in a nozzle firing 
array. This is notalways the case however. For example, in the second embodiment, there are two nozzle firing positions 
corresponding to each position in a nozzle firing array. 
10 [0028] In the first arrangement, each nozzle firing value is a 1-bit number, where the value "0" indicates that ink 
should not be ejected for that position in the nozzle firing array, and a value "1 tt indicates that ink should be ejected. 
In the second embodiment, each nozzle firing value may be 0, 1 or 2, this value indicating the number of ink droplets 
to be ejected for that position in the nozzle firing array. 

[0029] Fig. 1 depicts a prior art halftoning arrangement. A multi-tone 8 bit image value 100 is input into a halftoning 
is process 102, which produces a nozzle firing value 104. The halftoning process is often described as a "binarisation" 
process, since in the present case it generates data describing whether a nozzle should fire or not at each nozzle firing 
position. Halftoning may be performed by error diffusion or dithering, and typically, each colpurcpmponentis halftoned 
independently. 

[0030] In Fig. 2 the 8rbit multi-tone image array value 100 is processed by an uneven ness correction process 200 
20 priorto the halftoning process 102. This optional prior art arrangement is described in the citec*\JS Patent 5,038,208. 
[0031] Fig. 3 provides more detail about the aforementioned uneven ness correction process. Each nozzle is asso- 
ciated with a curve which characterises its performance. This curve is a mapping, for each nozzle, from an uncorrected 
8-bit image value, to ah uneven ness-corrected 8-bit image value. A nozzle counter value 300 is used to retrieve a 
curve value from a nozzle curve table 302; The curve value 304 which is selected and output is processed in accordance 
25 with the 8 bit multi-tone image array value i 00 in a curve table process 306 This process 306 produces an unevenness 
corrected image; value 202: 

[0032] Fig. 4 Illustrates a defective nozzle compensation arrangement. T^e 8 brl multi-tone image array value 100 
is input into a defective nozzle compensation process 400. This process 400 outputs a redistributed image value 402. 
This redistributed value 402 has the same precision, Le., 8-brts, as the multi-tone image array value 1 00. Thereafter, 

30 the redistributed image value 402 is input into an unevenness correction process 200, and subsequently, into the 
halftoning process 1 02, in order to produce the final processed nozzle flnng array value 1 04 It is noted that the defective 
nozzle compensation process 400 is performed prior to the uneven ness correction process 200, and prior to the half- 
toning process 102. Alternatively, defective nozzle compensation 400 can be perforrhed prior to the halftoning process 
1 02, and the unevenness correction process 200 can be omitted. 

35 [0033] Fig. 5 illustrates a full-width fixed head printer, in which a sheet of paper 500 having a width 502 and being 
fed in a direction depicted by an arrow 504 passes beneath a full width print head 506. A segment 514 of the stationary 
print head 506 is shown in more detail in an inset 508, where it is seen to comprise a plurality of individual print nozzles 
510. A print head for each colour component is provided, each of these heads being oriented at right angles to the 
paper feed direction depicted by the arrow 504. The print head 506 is fixed, and ink is ejected from each of the print 

40 head nozzles, e.g., 510, while the paper is advanced underneath the print head. An entire row (i.e., scanline) of the 
image is printed at a time. An individual printer nozzle, e.g., 510, is restricted to printing dots of a column of pixels, 
since the print head 506 is fixed in position. 

[0034] Fig. 6 illustrates a shuttle-head ink jet print system, in which a sheet of paper 600, having a width 602, is fed 
in a direction depicted by an arrow 604. A shuttle print head 612 moves at right angles across the paper 600, as 

45 depicted by a bi-directional arrow 610. A segment 620 of the print head 612 is shown in more detail 606 in an inset 
618. This shows that the print head 612 comprises a plurality of individual printer nozzles 608: A print head 612 is 
provided for each colour component, and each print head 61 2 is oriented parallel to the paper feed direction as depicted 
by the arrow 604. The print heads 612 move over the paper at right angles 612 to the paper feed direction 604; with 
ink being ejected from the print head nozzles 608 while the paper 600 is stationary, and the print heads 612 are per- 

so forming a shuttle scan across the page 600. A band of scanlines is printed in one pass of the shuttle print heads. The 
width of the band of scanlines printed in a single pass of the shuttle print head 612 is restricted by the length of the 
print head 614. In any given pass of the shuttle print heads, an individual nozzle, 608 is restricted to printing dots of a 
particular scanline (I.e., a row) of pixels. Between passes of the shuttle print head 612, the paper 600 is advanced In 
the paper feed direction 604, so that successive bands of scanlines can be printed. Typically, to reduce printer artefacts 

55 due to nozzle inconsistencies, the paper 600 is advanced in a direction 604 by only a fraction of the length 61 4 of the 
band of scanlines printed by one pass of the shuttle print head. In this manner, each scanline is printed using multiple 
passes of the shuttle print head 606. Dots of a colour component of a scanline are accordingly printed by a different 
nozzle of the same print head for each pass. 
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[0035 In both styles of printer, i.e., the full-width fixed head printer (see Fig. 5), and the shuttle-head printer (see 
Fig. 6), the relative movement between the print heads (506, 612) and the paper (500, 600) is at right angles to the 

V t Pnnt h6ad- ESCh "° ZZle (S1 °' 608) prints a line Gf dots - Neighbouring nozzles print neighbouring lines of dots 
[0036] Fig. 7 illustrates image value distribution from a defective nozzle to neighbouring non-defective nozzles A 

™L n « Z , Z 700 10 702 Within 8 pr1nt head (not shown > is de P ict ed- A defective nozzle 704 is indicated by an "X" i 
e., 706. A line of rectangular pixels 708 to 710 is shown adjacent to the line of nozzles 700 to 702: The aforementioned 
representation is equally applicable to a full^widthfixed head printer, and to a shuttle head printer arrangement A graph 
y?*?*^ J ma9e Va,U6 712 esa'nst pixel number 714 illustrates a desired sequence of descending image values 
™ !° I . T are the a8 * | a ned ima 9 e values which are desired to be printed by the print head. Since the nozzle 
704 is defect ye, the desired image value 720 cannot be printed. The graph of actual image value 726 against pixel 
number 728 illustrates the actual printed image values after image value redistribution. It is noted that the image value 
730 which corresponds to the defective nozzle 704 has a 0 image value, while the immediately neighbouring pixels 
have image values 732 and 734, these having being Increased In orderto compensate forthe 0 Image value 730 The 
result of redistributing the Image value from the defective nozzle 704 to the neighbouring nozzles 736 and 738 is that 
dots which would otherwise have been allocated to the defective nozzle, were It not defective, are instead printed bv 
the nozzles 736, 738 which are situated on either side of the defective nozzle 704. 

[0037J Fig. 8 shows a process for redistribution of image values in accordance with the arrangement described in 
regard to Fig. 7. In a first step 1802 of the process 1800, data corresponding to relative desirability of using various 
St' n in! f^ en ! S a ? determined and stored - Thereafter, in a step 1804. an input Image signatfor a current nozzle is 
nput. m a following decision step 1 806, adetermination in made, dependingfor example, upon Measure of desirability 
forthecurrent nozzle, whetherbias is required. If bias is indeed needed, then the process 1 800 is directed in accordance 
with a yes arrow to a step 1808 in which an input image signal for another nozzle is input. In a following step 1810 
some or all of the input Image signal for current nozzle is distributed to the other nozzle, ie, the input image signal for 
the current nozzle is added to the input image signal forthe other nozzle. Thereafter, in a step 1812, the current nozzle 
is fired, thereby distributing ink in accordance with redistributed signal upon the printing medium. In a following step 
1814, an index for the current nozzle is incremented, after which the process 1800 is returned to the step 1 804 Re- 
turning to the decision step 1806. if the decision step determines that bias is not after all required, then the process 

so oS^ 

[0038] Fig. 9 deplete a patterns of dots of a single colour component which are to be printed according to values in 
a nozzle f.nng array Dote can be printed at positions on a rectangular grid 800, which consists of vertical grid lines 
804 and honzonta grid l.nes 802. In the figure, dote have been shown in outline only, eg. 806, so that the pixel grid 
800. remains visible. The rectangular grid 800 allows for one dot per grid position. All dote of a particular grid column 
are printed by the same nozzle. In the figure, a nozzle corresponding to the centre column of pixels 812 is defective 

Sfm^f^hl ^ nr eSP ,°u d l ° 8 n0ZZ ' e ,irin9 ValU6 a ^y generated using defective nozzle compensation 
by image value distnbution, followed by halftoning, for an image region of near 50% intensity. As a resuft of the defective 
H«ff «n°B 0 ^ P r Sa ^1; y ima 9 e value distribution, no dote are printed in grid column 812, and accordingly, additional 
dots 808 810 and 811 are printed in the neighbouring grid columns. Due to the additional dote 808, 810 and 811 
average ink deposition near the blocked nozzle is not reduced, and accordingly, the 50% intensity of the image values 
LT,Snnn d rt T? 9 ! de P osition - Advantageously, this desired average ink deposition is maintained with 
reduced print artefacts due to the defective nozzle. This advantageous performance is maintained both where the 

f Sr^S • ° r alternatlve, y' ^ere » * defective and, for example, ejects ink unreliably, too far to one 

side or the like. ' 

45 ESS A i ° P L°fl^ ming languase ^de fragment is now presented in relation to a first embodiment of the present 
invention, I e., defective nozzle compensation by restricted image value redistribution for a full-width fixed head printer. 

. that ( ° there iS ° ne n02Z,e Per Plxel ° f 8 scanllne ' and <»> the defective nozzle 

data consists of a one-bit value for each nozzle, indicating whether or not the associated nozzle is defective, and (iii) 
^ image intensity is redistributed using only nearest neighbour nozzles, i.e., pixels. 



10 



15 



20 



25 



35 



40 



55 



6 



EP 1 157 840 A2 



clamp_val = 255; 

r 

The following processing is performed one pixel at a time 
(ie one nozzle at a time) 
from the first pixel of a scanline to the last. 
V 
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r 

if the current pixel's nozzle is defective 
and the next pixel's nozzle is not defective 
then distribute as much as possible of remaining intensity 
of current pixel to next pixel 
*/ 

if (defectivefn] && !defective[n + 1]) 
{ 

old_val =? imagefn + 1]; 

new_val = imagefn + 1] + image[n]; 

if (new_vai > clamp_val) 

{ • ■ 5 

new_vai;= clampLval; 

} 

i magefn + 1 ] = n ew_val; 
imagefn] -= new_va! - old_val; 

) . 

r . •. . 

if the current pixel's nozzle is not defective 
and the next pixel's nozzle is defective 
then distribute as much as possible of half intensity 
of next pixel to current pixel 
7 

if (Idefectivefn] && defectivefn + 1]) 
{ 

old_val = imagefn]; 

new_val = imagefn] + imagefn + 1] / 2; 

if (new_val > clamp_val) 

{ 

new_val = clamp_val; 

} 

image[n] = newjval; 

imagefn + 1] -= new_val - old_val; 

} 
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[0040] Prior to image value re-distribution, the 8 bit image values fall into the range 0 to 255, and accordingly, image 
values of 0 and 255 represent an unbiased operating range of 0% and 100% respectively, The above code associated 
with the first embodiment restricts the dynamic range after re-distribution to the same range ie 0 to 255, and accordingly, 
image values of 0 and 255 represent a biased operating range of 0% and 1 00% respectively. 
5 [0041] It is found, for the case where nozzle separation is equal to 1/600 of an inch, that restricted image value 
redistribution as described above significantly reduces streaking artefacts which typically occur in the presence of a 
blocked or non-firing nozzle. 

[0042] When the image region to be printed consists of a constant image value which is less than or equal to (2/3) 
*255, all of the image value of the non-firing nozzle Is, by virtue of the aforementioned Image value, able to be distributed 
io to immediately neighbouring nozzles. For such image regions, defective nozzle compensation using restricted image 
value redistribution as described previously, provides a clear reduction in the streaking artefact which typically occurs 
as a consequence of a non-firing nozzle. 

[0043] In contrast however, where the image region to be printed consists of a constant image value greater than 
(2/3) *255, then some of the image value of the non-firing nozzle is unable to be distributed to its immediately neigh- 
15 bouring nozzles. In such cases, a streak due to the non-firing nozzle remains visible even after defective nozzle com- 
pensation using the restricted image value redistribution as described. 

[0044] In summary, defective nozzle compensation using restricted image value redistribution is limited by the range 
restriction of the immediately neighbouring print nozzles. This means that a residual Image value, equal to the amount 
which could not be redistributed, is "retained" by the blocked nozzle. f , 

20 [0045] The concept of image redistribution can, however, be extended as will now be described. In a multi-colour 
printing arrangement, the aforementioned residual image value, ie. the value which cannot be redistributed to imme- 
diately neighbouring nozzles, can nonetheless be used for "cross-colour" compensation. Gross-colour compensation 
relates to the fact that print artefacts which may normally be produced as a result of a blocked nozzle of a first colour 
component, can often be reduced by printing dots of another colour component, in the area where dots of the first 

25 ' colour component are missing, in other words, cross-colour compensation is the use of other colour components to 
' reduce artefacts due to defective nozzles in a first colour. 
[0046] Fig. 10 shows how defective nozzle compensation using restricted image value redistribution as previously 
described can be extended to incorporate cross-colour compensation for the Cyan and Magenta colour components 
where either, or both the print heads associated with Cyan and Magenta may have blocked nozzles. Fig. 10 shows an 

30 8-bit Cyan image array value 900 being input into a restricted image value redistribution process 902. Similarly, an 
8-bit Magenta image array value 91 0 is input into a restricted image value redistribution process 912. Thereafter, the 
8-bit redistributed image values 904 and 914 respectively are fed into a cross-colour compensation process 906. The 
cross-colour compensation process 906 makes use of cross-colour compensation to correct for artefacts caused within 
each of the Cyan and Magenta images, resulting from respective blocked nozzles in each separate print head. The 

35 cross-colour compensation process 906 outputs an 8-bit Cyan nozzle compensated image value 908, and an 8-bit 
Magenta nozzle compensated image value 91 6. 

[0047] The processing performed in the cross-colour compensation process 906, this being performed on a per pixel 
basis for both Cyan and Magenta, is described in the following C language code fragment: 

40 

r 

if Cyan nozzle is defective and Magenta nozzle is not defective 
then augment the Magenta image value 
*/ 

45 if (cyan_defective[n] && !magenta_defective[n]) 

{ 

new_val = magenta[n] + f1 * cyan[n]; 
if (new_val > 255) 

{ * 

new_val = 255; 

} 

magenta[n] = new_val; 

> 

55 

I* 

if Cyan nozzle is not defective and Magenta nozzle is defective 
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^then augment the Cyan image value 
5 |f (!cyan_defective[n] && magenta_defective[n]) 

new_va| = cyan[n] + f2 * magentafnl; 
if (new_va1 >255) 

w new_val = 255; 

} 

cyanfn] = new val; 

} 

« [0048] The aforementioned C code provides Magenta colour compensation for a defective Cyan nozzle or vice 

3 ' « P ^ ValU6S ° f the ParameterS ,1 and ° are determlned b * experimem For loo d ^ 

nch (dp,) pnnting values ft and f2 equal to 02 provide good reduction of streaking artefacts-due both to (I) a non 
mng Cyan nozzle in an image region of high Cyan and low Magenta values, and (ii) I non-firing Magenta nozzle in an 
image region of low Cyan and high Magenta values. 

[0049] Since the Cyan/Magenta cross-colour compensation for a non-firing Cyan nozzle iskffective in high Cyan 
-mage regions, and smce restricted image value distribution is effective for image regions up to 2/3 maxSiiSde 

restncted image value red.stnbution, fol^ 

0050] A second arrangement is now proposed to improve the effectiveness of defective nozzle compensation by 
.mage value redistnbufon, mis time through the use of print systems which can eject more ink per n5 ttmn is 

o^S 

intensity pr.nt.ng. A pixel gnd 944 comprising adjacent rectangular pixel positions 946 typically provides for Dixel seo- 

hal the aforementioned separation, ie., 1/1200 inch, as shown by dots 950, 952, which are separated by 1/1 200 inch 
as indicated by arrows 940. 942. In the present example, print nozzles are separated by 1/600 inch afong the pnn , 

fo052, ^VZ:^T t 6 T*? re ' atiVe m0Vement ° f the head and tha through 1/600 inch 

St th. 21 T 9 f ""f latSd Wkh Pbte,S t0 be Printed 030 be »V"«NM0d as an array for each colour com- 
ponent, the array comprising values in the range 0 to 2. Each value thus represents nozzle firing data for a oarticular 

40 hi t LZ '" h 1 " corre ^ on f to 1 d <* Prtnt-d for the pixel, and the value "2" corresponds to 2 dots printed for 

™X„ ofi 1 P 01 SySt6m 18 deS ' 9ned t0 aChieve fu " ink covera 9 e of ,he P a P^r by depositing 1 dot per pixel 
position 946 and the pnnt system is able to eject two dots per pixel position, it is possible to ensure that the average 

E£rf c ^ thC Vidnity ° f 3 n02Zle is not reduced when a 8i "9'e ™^ * not tiring 9 
[0053] Fig. 2 shows a pixel grid 1 1 04 fully covered, in the ideal situation, by individual dots 1 1 02 In the event that 
a pnnt nozzle is blocked, and thus unable to fire in a column depicted by an arrow 1 1 08. superln tensity prinLgTuJed 

?100 Tuoti^ tZ ll f" y ,ea t ctual 1 P nnt f 1 dot P a « a " 1106 is an approximation to the desired printed dot pattern 
1 1 00. Super intensity output pnnting also takes advantage of the fact that printed dots typically swell when they overlao 
and consequently, in super intensity output printing 1106. increased dot swelling can be ex ecTed iTthe rein "o t h e 

5D Z B e . r , ,nt e nS,ty ° UtPUt d ° tS thereby reducin 9 ,he area of P^^ ""covered by ink 1108 

[0054 Fig. 12 describes a particular method of performing super output intensity printing, this being by eiectina an 

» [0056] The use of super intensity output printing results in full, or complete image value redistribution This differs 
from restricted .mage value redistribution, in that the redistribution is not limited by the nomia range ol -the pixel 

thTnoTa 6 ^ 

the.r normal max.mum boundary values. Assuming that (i) there is one nozzle per pixel of a scan.ine. (ii) defective 
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nozzle firing data consists of a 1 bit value for each nozzle, indicating whether or not the associated nozzle is defective, 
and (iii) image intensity is redistributed using only nearest neighbour pixels, then the C code relating to restricted image 
value redistribution which has been provided is applicable, except that the value used to clamp resulting image values 
is changed to 510 (ie., twice the normal level of 255, and accordingly, image values of 0 and 510 represents biased 

5 operating range of 6% and 200% respectively).' Given this new clamping value, and where there is a single defective 
nozzle, the total image value associated with the defective nozzle can be redistributed to pixels corresponding to 
neighbouring nozzles; The image values of such neighbouring pixels will now fall in a range of 0 to 51 0, which requires 
9 bits for representation. Accordingly, the original 8 bit Input image value, eg. 100 in Fig. 1 , has now been increased 
to a 9 bit image value after full image value redistribution. It Is desirable to map the resultant 9 bit image values back 

10 to the original 8 bit o^namic range, in order to avoid modifying one or more of the uneven ness correction process 200, 
and the halftoning process 102 (see Fig. 4). in particular, if the number of bits required to represent image values input 
to the uneveriness correction process 200 is increased from 8 to 9 bits, then that process 200 requires either a two- 
fold Increase in the size of the curve tables, or alternatively, more complex processing. 

[0057] Fig. 13 shows an 8 bit multi-tone image array value 1 200 being input into a full image value redistribution 
is process 1 202, which outputs a fully redistributed image value array 1 204 having a 9 bit range. This output 1 204 is input 
to a checkerboard quantisation process 1206, which reduces the 9 bit range of jmage values 1204 back to an 8 bit 
fully redistributed and quantised image value 1208 having a range of 8 bits. The checkerboard quantisation process 
1206 effectively divides the image value 1204 by 2, alternately rounding fractional image values up, or down. The 
rounding is performed alternately according to a checker board pattern. Accordingly, If the sunvpf (I) the pixel scanline 
20 number, and (ii) the pixel position within the scanline, is even, then the rounding is opposite to ttte rounding performed 
when the sum is odd. The checkerboard quantisation process also includes at least one instance of special case 
processing, this occurring if the input image value is 255, in which case the output image value is always rounded in 
the same direction. This special case processing is provided because image regions having an input value of 255, ie. 
the maximum input image value, should typically result in a halftone output corresponding to full ink coverage of paper. 
25 ' if this special case processing is riot included, then the resultant halftone output for such image regions is a mix of 
"halftone output levels, this non-uniform pattern being undesirable for image regions having a constant maximum input 
image value, 

[0058] The checkerboard quantisation process 1206, which rescales the range of the image value 1204 from 9 bits 
back to 8 bits (1 208), provides a number of advantages over simple truncation of image values to the most significant 

30 8 bits. Although! both checkerboard quantisation and simple truncation result in a range of 0 to 255 for a pixel, check- 
erboard quantisation induces a greater number of different resulting local ^ values for pixels of a region, 
given an image region of constant input image value For checkerooard quantisation therefore, a region of an input 
image which is a gradual blend from one image value to another, is represented by a smoother transition in local 
average image values. This reduces colour step artefacts which typically occur simple truncation. 

35 [0059] Super intensity output printing, which as described requires deposition of additional ink, can cause problems 
including unwanted Ink swelling, increased paper wetting, and increased ink drying time. In order to optimise, or max- 
imise the beneficial effect of super intensity ink deposition in the vicinity of a blocked nozzle, it is sometimes desirable 
that the frequency :6f super intensity ink deposition per pixel be reduced by tuning It down. 

[0060] In contrast, another problem which can be associated with the use of super intensity output printing, is that if 
40 sufficient super intensity ink is not deposited on the paper often enough, then the uriprinted line resulting from a defective 
printing nozzle will be insufficiently compensated for. It Is thus advantageous, in this case, to tune the frequency of 
super intensity ink deposition per pixel, typically Increasing the frequency in this instance. 

[0061] Fig. 14 illustrates the aspect of tuning in the context of a three level halftone error diffusion process. The 
halftoning process is represented by a graph having an ordinate 1400 representing the average number of output dots 

45 printed (ie. 0, 1 or 2 dots per particular pixel), and an abscissa 1402 representing the input image value, ie. from 0 to 
255 for super intensity output printing after checkerboard quantisation. The relationship, or transfer function, between 
the input image value and the average three level halftone output is typically depicted by the line 1404 which is linear 
across the input image value range. An input Image value 1416 is seen to lie between the abscissa value "128" and 
the abscissa value "255", and the input image value 1 41 6 will thus, by a three level error diffusion process, map either 

so to a halftone output value of "1 or to a halftone output value of "2". For an input image region of constant input image 
value 1416, the proportion of cases in which the input image value 1416 maps to "2", equals the difference between 
the average halftone output of the Input Image value 1 41 6, and the halftone output value "1 n (le. 1 436) . Turning to the 
lower graph In the figure, it is seen that the line 1404 has now been tuned, ie. adjusted, to take the form of three linear 
line segments 1 41 0, 1 41 2 and 1 41 4. The input Image value 1 420 is the same as the input image value 1 41 6, however, 

55 according to the tuned transfer function, for an input image region of constant input image value 1420, the proportion 
of cases that the input image value maps to "2", being the difference between the average halftone output of the input 
image value 1 420, and the halftone output value "1 ", (ie. 1 430), has increased. The effect of tuning the transfer function, 
ie. the line 1404, to the set of linear line segments 141 0, 1412 and 141 4, is thus to increase, on average, the utilisation 
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of supenntensrty output double pixels. The line segment 1414 js horizontal, clamping all input image values lying be- 
tween 191 , and "255- on the abscissa 1 408, to an output halftoned value of "2" . The specific example of tuning shown 
!£ac& « representative on| y- and * e featur e of tuning a multi-level halftoned output is clearly not limited thereto 
[0062] One method of tuning the halftoning transfer function and adjusting how often superintensity ink deposition 
is performed, is provided by simply remapping image value prior to halftoning, for example, by use of a lookup table 
An alternative effective method of tuning the halftoning transfer function, and thereby adjusting how often superintensity 
ink deposition is performed, is provided by performing halftoning by error diffusion with a modified error diffusion table 
This method of tuning by use of a modified error diffusion table, Is now described. 

[0063] Fig. 15 shows a process 1900 whereby a tuned error diffusion table is used to print a multi-level halftoned 
image. In a first step 1 902. a tuned error diffusion table is prepared, for example using the techniques described in 
, !? 7 and 18 Tnereafter ' in a ste P 1 904, an input Image signal for halftoning is input into the process 
1 1 l n lu fr" 9 ^ 19 ° 6, acorres P° ndin 9 halftone output for the input image signal is determined from the table 
It is notedthat this will be a "tuned" output, resulting from the aforementioned step 1902. In a following step 1908 the 
process 1 900 determines whether more pixels are required to be processed. If there are furtherplxels in this cateqorv 
then the process 1900 is directed In accordance with a "yes* arrow back to the step 1904: If, on the other hand no 
more pixels are required to be processed, then the process 1 900 is directed In accordance with a "no" arrow to a step 
1910. at which stage the process 1900 is terminated. 

[0064] Rg. 1 6 shows, by way of background, example error diffusion coefficients, where the currentpixel is indicated 
by an asterisk. Error diffusion halftoning Is performed by repeatedly processing a current pixel, and advancing the 
current pixel. p|xe|bypixe^ 

shown in the diagram according to the fractions shown. That is. 129/256 of a current pixel error is distributed to the 
next pixel on the same scanline; and the remainder of the current pixel error is distributed to 3 pixels on the followina 
scanline. Note that the sum of the fractions adds to 1 . 'towing 
[0065] For each currentpixel. a combined pixel input value is determined as the sum of the input image value plus 
me error d.stnbtfedto the current pixel; The combined pixel input value: is used to index an error diffusion table 1514 
m Fig. 17. or 1602 in Fig. 18, so as to determine (i) halftoned output eg. 1502, 1504 forthe current pixel, and (ii) error 

eg ' 1606 1512, to be distributed from the current pixel to neighbouring unprocessed pixels 

[0066] Figs 17 and 18 show error diffusion tables 1514. 1602 for 3 level halftone output suitable for use in printing 
super-intensity ink output In the error diffusion tables 1602. 1 51 4veriors to be d 

equal to 256 t.mes the fractional error value to be distributed. The tables have been prepared using the error diffusion 
coefficients of Rg, 16 and an algorithm described below. The algorrthm can be used to prepare a table based en a 
chosen set of image values (eg. "0", "128", and "255", see Fig. 1 4) corresponding to halftone output values (eg. 0. 1 
2, see Fig. 14), thereby tuning the halftoning transfer function as previously described in relation to Fig 14 .' 

J? Jl .P 16 Brr0r difft,Si ° n tablB ° f F ' 9 ' 17 has been Pupated using image values of 0. 128. 255 corresponding to 
the 3 halftone output values of 0. 1 and 2 (representing, respectively, no dots, 1 dot, and two dots per output pixel 
posihon^This is equivalent to the arrangement depicted in graph 1424 in Fig. 14. In contrast, the error diffusion table 
of Fig. 18 has been prepared using image values of 0, 128. 191 corresponding to the 3 halftone output values, this 
being equivalent to the arrangement depicted in the graph 1426 in Fig. 14. 

[0068] Because the Image value corresponding to the maximum halftone output level is reduced forthe table of Fiq 

TZZ T'k, 17 ;^ 0 l?^\ 01 Fig - 1 8 results in 9reater use of the su P er out P ut ,ntensit y ** deposition 

thf/LL h£ T» n ,t *' th t ha ' ft0ne ° UtpUt 1604 IS ° ne 0f 3 va,ues - each bein 9 a P a « em of b * values for 
I !i (tnS ,6aSt s, 9 ntficant Dit •» 1606) and bit o1 (eg. 1608). The halftone output value 2 (bit oO = 

0; bit ol = 1 ) corresponds to the super intensity ink deposition per pixel. Those rows in the tables which are not shown 

row of the table. Both tables include a column 1 61 2 for "combined pixel input", which is shown as a sum of (i) an image 
value, and (..) an error value derived from the total error distributed to the current pixel. The table entries with table 
index value in the range 320 to 448 (ie. 1 51 6, 1 61 4) in the tables of Figs 1 7 and 1 8 are not used. These unused table 
entnes are shown blank in Figs. 1 7 and 1 8 and may be set to zero. The table entries eO, e1 . e2. e3 ( "errors distributed 
to ne.ghbounng p.xels" 1 61 6-1 61 8) with table index value in the range 255 to 31 9 in the table of Fig. 1 8 (ie. 1 620) have 
JT n If , us ' n Sfamped pixel error values. Error clamping is described below, as is an algorithm for preparation 
™™ L ? r 6 baSed °" 8 ° h0Sen Set of image values corresponding to the halftoned output levels. 

S JSt !r lma9 u » ' Ue ' V ' map th6 ' mage Value t0 the closest ima 9 e value corresponding to a halftone 

output level out[vL If there Is a halftone output Image value above and below the Image value which are equally close 
choose the lower halftone output image value. From v and outfv] determine the error between them: errfv] = v-outM 
Determine the minimum and maximum of these error values: 

err_min = min v e 0 2SS errfv] and 

err_max = max » e 0 .. 255 errfv]. 
[0071] Step 2. For each error augmented image value. v_aug, equal to an image value plus an error in the range 
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err_min to err_max, such that the error augmented image value is outside the range of image values, map the value 
to the closest image value corresponding to a halftone output level, v_out[v_aug]. Again, if there is a halftone output 
image value above and below the error augmented image value which are equally close, choose the lower halftone, 
output image value. From v_aug and out[v_aug] determine the error between them: err[v_aug] = v_aug - out[v_aug], 

5 Note that when the least image value corresponding to a halftone output levei is greater than 0, or when the greatest 
image value corresponding to a halftone output level is less than 255, (as is the case for the table in Fig. 1 8) errfv.augl, 
may be outside the range err^min to err_max. From err[v_aug], err_mln and errjnax, determine a clamped error value 
representing the difference between v_aug and out[v_aug] but which is In the range err_min to err_max. 
err_clamped[v_aug] * max{err_min, min(err_max, err[v_aug])). 

10 [0072] Note that clamping error values ensures that during error diffusion processing, the error cainnot build up without 
bound. 

[0073] Step 3. Fill in the error diffusion table as follows: Firstly zero all entries In the table. For image values, v, the 
halftone output bit entries are determined as the halftone output level corresponding to the Image value* out[v] and 
each of the errors distributed to neighbouring pixels is determined by multijjlying err[v] by the appropriate error distri- 
15 bution coefficient/eg. Fig. 1 6. For error aggmented image values, v_aug, outside the range of Image values, the halftone 
output bit entries are determined as the halftone output level corresponding to the error augmented image value, out 
[v_aug] and each of the errors distributed to: n determined by multiplying err_clamped[v_aug] by 

the appropriate error distribution coefficient, eg. Fig. 1 6; 

[0074] Up to this point, the description has considered the case of a single blocked nozzle,, having fully functional 
20 nozzles adjacent thereto. Furthermore, the defective nozzle has thus far been considered to be completely blocked, 
and the case of a partially functioning nozzle has not been addressed. Where there are two adjacent defective nozzles, 
compensation by means of either restricted, or full image value redistribution, as described by the previous C code, 
can result in the residual image value of the first defective nozzle being non-zero, even after compensation. This is 
because the image value of the first defective nozzle which remains after redistribution to the preceding nozzle cannot 
25 be redistributed to the succeeding second defective nozzle. In order to ensure that the Image redistribution method, 
' provides a consistent result, the residual image value of a defective nozzle can be set to zero after defective nozzle. ••- 
compensation i has been performed. This is particularly relevant when the defective nozzle is not, In fact, blocked but 
rather partially functional , producing a random type of output. Thus, for example, such a defective nozzle can sometimes 
eject a relatively large ink droplet, and at other times can eject a relatively small ink droplet, both for the same input 
30 firing value. Setting the image value of such a defective nozzle to zero after image value redistribution has been per- 
formed ensures that any possible residual value remaining associated with the defective nozzle does not cause the 
• nozzle to fire. 

[0075] The description thus far has considered image value redistribution to irhmediately neighbouring nozzles, this 
being the most simple example to describe. In this type of compensation, surplus ink is deposited by the immediately 

35 neighbouring nozzles In order to compensate for the deficit, or lack of ink deposited by the defective nozzle. A more 
complex redistribution scheme involving, for example; first and second neighbouring pixels of a blocked nozzle can 
also be considered, where the expected benefits of such a scheme can justify the increase in complexity. Alternatively, 
use of head shading data prepared from printout generated by using defective nozzle compensation by image value 
redistribution to first neighbour nozzles can provide some compensation for the surplus local average ink deposition 

40 introduced for second neighbour nozzles. 

[0076] Defective nozzle compensation by image value redistribution has thus far been described on the assumption 
that defective nozzle data consists of a 1 bit value for each nozzle, indicating a fully operational state, or alternatively, 
a fully defective state. Unwanted print artefacts can, in some cases, be further reduced by extending the defective 
nozzle data description to more than a binary description. In such an event, the degree to which image value; is redis- 

45 tributed away from a defective nozzle can be controlled according to the finer granularity of the provided defective 
nozzle data. 

[0077] The aforementioned description has been directed to defective nozzle compensation by image value redis- 
tribution in respect of fixed print head systems. Clearly, this can also be applied to shuttlehead print systems and the 
like. In respect of shuttlehead print systems, defective nozzle compensation by image value redistribution is particularly 
so effective when the shuttle printer is performing "one pass" printing, since in that case dots of a colour component of a 
scanline are printed by only a single nozzle. 

[0078] The method of compensating for a defective printer ink nozzle can be practiced using a conventional general- 
purpose computer system 1 700, such as that shown in Fig. 1 9 wherein the processes of, for example, Figs. 4, 1 0 and 
1 3 can be implemented as software executing within the computer system 1700. In particular, the steps of the method 
55 of compensating for a defective printer ink nozzle are effected by Instructions in the software that are carried out by 
the computer. The software can be divided into two separate parts, one part for carrying out the compensating for a 
defective printer ink nozzle, and another part to manage the user Interface between the latter and the user. The software 
can be stored in a computer readable medium, including the storage devices described below, for example. The soft- 
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ZnJhtL m h h C °" VU,9r fr0m thS °° mpUter readable medium ' and the " execut ed by the computer. A computer 
of T ™ " 9 SUCh SOftWare ° r C ° mpUter pr0gram recorded on il ls a computer pmgram product Zuse 

of Uie computer program product in the computer effects an advantageous apparatus for compensating for defect 
print nozzles in accordance with the arrangements of the invention. selective 
[0079] The computer system 1700 comprises a computer module 1701, input devices such as a keyboard 1702 and 
TrznZZT* ^devices including a printer 1715 and a display device 1714. A ModuS -DemoS .Tdem) 
ne^oTiVnT 6 6 by * e 0 ° mpUter m0dUle 1701 for <™nicating to and from a commuEons 
Sensed o obi!' - e ^ mP f T 7? 3ble V ' a 3 teleph ° ne " ne 1 721 ° r other ,unctlonal mad '™- ™« mode™ can 
Area Netwo^^IvAN^ 88 ' ntemet * **** SUCh * 3 Local Area N6tW0rt < " * Wide 

[0080] The computer module 1701 typically includes at least one processor unit 1705, a memory unit 1706 for 

S i "? f d6 ° interfaCe 17 ° 7 ' and an VO ,nterface 1713 for the ke ^oard ?702 and mouse 1TO and 
SS* n J (n0t J llustrated )' and an '"terface 1708 for the modem 1 716. A storage device 1709 Vproviaed 
an typical* nnclude* s a hard disk drive 1710 and a floppy disk drive 1711: A magnetic tape drive (not i^s^ed) can 
Sfa th CD ; ROM drive 1712 is typically provided as a non-volatile source of data. The com^ 
lint C ° m T r modU ' e 17 ° 1 ' typfcal| y c °m™nicate via an interconnected bus 1704 and InT^SwwX* 
ofcoml^ KTL m ° deO,0PeratiOn ° f th ^ 

rr P e r ;xtas£2r be practised inciude iBM - pe ' s and - pa - mJSss 

^sofn^rT^ hed " 

1710. In some instances, the program can be supplied to the user encoded on a CD-ROM or floppy disk and read vta 
'■^m^SSSZ l^i ^ 711 ' ^ ^^'ve.y can be read by the ^3^^ the ne^brl^G^i^Sl^ 
device 1 71 6. Still further, the softwarecan aiso be loaded into the computer system 1700 from other computer readable 
m^«m inking magneti^^ 

channel between the computer module 1 701 and another device, a compute^^^ 

SS^atS V ^ in f din9 ^ tran -^ns and' information S^SSSSSS^ 
forgoing is merefy exemplary of relevant computer readable mediums. Other ^ 

practiced without departing from the scope and spirit of the invention meaiums can be 

SISSL 20d f picts a block dia 9 ram representation 2000 of an apparatus for redistribution of image values from 
2o£Tres n o°2o^ 

2002 in respect of which, relative desirability data is stored, as depicted by a dashed line 2004 in a memory 2006 

S^S^S^SS ST arr ° W 2012 arS inpUt intP a P^-or 2008, as well as £t££?SZXSSL 
^nin t« fh f' , P rocessor20 °8 consequently outputs biased image recording signal data, as depicted by an arrow 
2010, to the forming elements 2002, which thereby form the desired image s picraa oy an arrow 

ESrJrir th0d 0f TOm P ensatin 9 for a de fecave printer irik nozzle can altematlvely be implemented in dedicated 
oef^e T e ° r , m T ' ntegrated CirCUitS performln 9 ^functions or sub functions of comp^nsa«ngTor1 

one^rro^c^S 

Industrial Applicability 

eaTonmoCrr:^ ^ SUP6r 0UtpUt in,6nstty printi "9 ca " ba c °mbined «ith cEj^SEES 

oTutirn^c^ 

cTce mI£K!^^ T" r^'™"* ° f th6 ' nVention ' and modifications and/or changes 

and notTilricSe P 9 fr<>m SC ° Pe a " d Spirit ° f thS invention - the embodiments being illustrative 
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Claims 

1 . A method; in printing ah image, of compensating for one or more defective printer nozzles in ajplurality of printer 
nozzles^ s^ Z 

biasing, br each first image value associated with a first nozzle, at least one second image value associated r: 
with another nozzle, said biasing being depend nozzle; 

• ;. ^^ffllfcv^y a'. • V : i; I'l.--'- •. -■ ..' ■ v- ■ -"■ . ' 

printing the image in accordance with ^ values, sajdibiasirig reducing print artefacts otherwise 

10 caused by- the 

2. A method according to claim i , whereby the term for said first nozzle provides a measure of one of effectiveness . 
and: def ec^eness of said first nozzle. 

15 3. A method a^brdihg to claim 1 , whereby said biasing comprises the sub-step of 

redistributing! one of part of said first image value and all of said first image value to one or more image values 
associated with in^ 

4. A method according to claim 3, whereby an extent of Image value redistribution i$ dependent upon an allowed 
20 operating range of the one or more image values associatedwith said immed 

5. A method according to claim 4, whereby said allowed operating ra is between 0% and 
1 00%, wherein 1 00% represents a maximum intensity for unbiased image values. 

25 6. A method according to claim 4, whereby said allowed operating range of said image values is between 0% and ^, •. 
200%, wherein 100% represents a maximum intensity for unbiased in^^^ >~> 
intensity for biased image, values. 

7. A method according to claim 1, whereby said blaslng comprises the subrsteps of; 
so increasing ah in^a^ 

8. A method according to claim 1 , whereby said biasing comprises the sub-steps of: 

redistributing: one of part of said first image value and all of said first- ima with said first 

35 nozzle to one or more image values associated with immediately neighbouring nozzles of a same colour; and 

increasing ; an imkge a corresponding nozzle of another colour, said increase being 

dependent upon a residual image value of said first nozzle after said redistribution step. 

9. A method according to claim 6 comprising, prior to printing the image, the sub-step of: 

40 mapping the biased image values from a biased image value range of 0% to 200%, to a ranige of 0% to 1 00%. 

10. A method according. to claim 9, whereby said mapping Uses checkerboard quantisation, said 
the steps of: 

45 dividing said biased image values by 2; and 

alternately rounding succe^ive divided image values up, and down. 

11. A method according to claim 6, comprising, prior to printing the Image, the sub-ste^ of: 

halftoning; the biased image values, 
SO : v. : / ■ ■ - "'-< ■■ ■ ■ ■ ■• '■ 

12. A method according to claim 11 . whereby, in a multi-level halftoning process, a relationship between an input image 
value and a corresponding average halftone output value Is adjusted in order to tune a utilisation of super-intensity 
printing. 

55 13. A method of printing a multi-level halftoned image comprising the steps of : 

adjusting a relationship between input image values and corresponding average halftone output values using 
an error diffusion table. 
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14. An image recording apparatus comprising: 

(a) a plurality of forming elements for forming an image according to input Jrhage-Wmilrwatanals-. 
SnSilS^ 

UtK fpr oom P utin S image recording signals using said input image forming signals 

15. An image recording appar^^^ 

Sm^S e,eme " tS »» ^ d —"% °< -liising said 

H»lnH d f ,asto ; i ed "n said memory means, wherein the use of a particular forming element is therebvblased 

16. An image recording apparatus comprising: ' 

(a) a plurality of forming elements for forming an image according to input image fomTinq signals' 

17. An image recording apparatus comprising: 

(a) a plurality of forming elements for forming an image according to input image forming signals- 

t*™^ZlZ°*^" meanSf0rrediStHbutin 9 values of said input image forming signals based on 
nflriL^i stored in sard memory means so as to bias the use of said forming elements, wherein the use of a 



1 8. An image recording apparatus according to claim 1 6 where- 

•^^^"K^ rediStfibUtin9 Va ' UeS ° f SaW ' npUt imade ^ ^* d °~ ** 



1 9. An image recording apparatus according to claim 1 4 where: 

20. An image recording apparatus according to claim 1 9 where: 

said image processing means includes means for modifying the input image forming signals relatino to a 

21 . An image recording apparatus according to claim 1 6 where- 
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image forming signals and based on said data indicating the relative desirability of utilising said forming elements 
relating to other colour components. 

■ 23. An image recortiino;^ 1 6 where: ^ 

said fbrmihg elements are capable of recording a "super* dehsity being greater than any density recorded by 
said fdiTning elbments when no image forming signal values are redistribute signal modification "■■ 

.*■■'■ means; and;;, \^^; 

said Image signal modification means is capable of biasing the ^ elements to record said 

IP '■>'/■ super;;dehslt^-'V 

24* An image recording: apparatus according to claim 23 where 

redistribution of values of said input Image forming signals is capable of extending the range of said values. 

is 25. An image recording apparatus according to claim 24 further comprising: 

image processing means for re-mapping said redistributed ^ that the range of said 

values is restored to the range existing prior to said redistribution. 

26. An image recoiling apparatus according to claim 24 where: : 7 , 

20 said Image processing means map redistributed Image forming signals to the rangfe existing prior to said 

redistribution by-ft^i^ihg: distinct local average image values for image regions with differing constant input 
image signal value. : 

27. Ah image recbrxiihg: apparatus ac«^ 

25 ' said image processing means map redistributed image forming signals to the range existing prior to said*- 

redistribution by: substantially dividing image values by 2 and alterh^teiy. rounding up and rounding down . *■ 

28. An image recording apparatus according to any of claims 24 to :27 further corrn? rising: 

hafftonirig means which generate recording; eiemerit signals so th of occurrence of super 

30 density recording by r<^ 

29. An image recording; apparatus according to claim 28 where: 

said halftoning means generate recording element signals by error diffusiori processing such that the fre- 
quency of occurrence of super density recording by recording elements its- adjusted according to values in an error 
35 diffusion table. 

30 An image recording apparatus according to claims 1 4 to 29 further comprfelrig 

image signal forcing means whereby image signate coiTesp^ are set to 

prevent recording; said selected forming elements being determined by said date indicating the relative desirability 
40 ■ of utilising forming ^ 

31 . An image recording apparatus according to claims 1 6 to 3d; further composing: 

(a) memory means for said forming elements based on non-uniformity: of the density of a recorded test Image; 
45 and 

(b) correction means for correcting said redistributed input image forming signals based on said data stored 
in said memory means. 

32. An image recording apparatus according to claims 14 to 31 wherein: 

so each of said forming elements is a forming element for ejecting a liquid drop-by f iim-boiling dueto head energy. 
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